Abstract. We detected temporal changes of crustal structure by cross spectrum analyses of seismic waves excited by two artificial explosions that were carried out about one month before and two months after a M6.1 shallow earthquake. Phase spectrum analysis shows that seismic velocity of the upper crust around the focal area of the M6.1 earthquake and Mount lwate decreased 0.3 -1.0 % during the three months. Since lager decreases of the seismic velocity were observed at the region close to the focal area and a volcanic pressure source, we conclude that stress change in the upper crust is a most plausible candidate to cause the velocity changes among other candidates. We further apply a coherence analysis to the observed seismic coda to locate regions where shortwavelength heterogeneity temporally changed. The result indicates a possibility of temporal changes of the heterogeneity beneath the volcano, where a magmatic fluid intrusion is inferred.
Introduction
Temporal changes of the structure associated with seismic and volcanic activities are one of the most interesting topics in the earth science, and have been investigated by many previous studies around the world. For example, Poupinet et a/. (1984) , analyzing seismic waveform data of earthquake doublets, and detected a temporal change of the seismic wave velocity related to the Coyote Lake earthquake (M=5.9), and estimated the velocity change in the crust to be 0.2 %. Sato (1988) summarized a lot of studies on temporal changes of the crustal structure in view of seismic-wave attenuation and scattering properties. However, most of the past studies used seismograms of natural earthquakes so that there often remained questions on temporal changes of seismic sources.
Mount Iwate, which is a stratovolcano located in the northeastern Honshu, Japan, has been active since the end of December 1997. Significant crustal deformation and many volcanic earthquakes have been observed since then, and several geophysical studies clarified ascent of magmatic fluid from a deeper region of the eastern portion of the volcano (Tanaka et al., 1999, Ueki et al., 1999). However, no eruptions have yet been reported until now. Under these conditions, a M6.1 earthquake took place near the southwest flank of the volcano (140.910øE, 39.796øN) on September 3, 1998. The earthquake formed a reverse fault with a dip of 41 degree and a strike of 216 degree (Earthquake Information Center, Univ. of Tokyo, 1998), and a part of the fault reached the ground surface at the northeastern part of the focal area (Koshiya and Ohtani, 1999).
About one month before the M6.1 earthquake, a seismic active-experiment using an artificial chemical explosion was carried out at the south of the focal area by a joint work of two groups; the Research Group for lntra-Plate Earthquakes, and Copyright 2000 by the American Geophysical Union.
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0094-8276/00/1999GL005439505.00 the Research Group for Explosion Seismology, Japan. This experiment was designed for exploring the shallow crustal structure of the northeastern Japan Island arc. Since the earthquake occurred very close to the exploring field, the two groups conducted again a similar active-experiment nearly at' the same place two months after the earthquake to examine whether the crustal structure around the earthquake temporally changed or not.
In this study, we investigate temporal changes of the crustal structure by analyzing seismograms obtained for the two active-seismic experiments. The seismic data we analyze have merits in the following points: (1) very similar seismic waves were excited from the controlled sources; (2) the experiments were conducted just before and after the M6.1 earthquake; (3) the explosion points and seismic stations are located very close to the focal area of the M6.1 earthquake and Mount lwate. Applying the cross spectrum analysis to the high-quality seismograms, we estimate changes of averaged seismic velocity in the upper crust and locate regions where short-wavelength heterogeneity temporally changed. •.', ......... t ........ I ......... I ......... i•.......•?•:.•.•:...•..-- '-":,•'..: ..................... ' ......... :...... 
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Summary
We detected temporal changes of crustal structure by detailed analysis of seismic waves excited by two artificial explosions that were carried out about one month before and two months after a M6.1 shallow earthquake. The results are summarized as follows;
(1) Seismic velocity of the upper crust decreased 0.3 -1.0 % in a wide region within a distance of 10 -15km which surrounds the M6.1 earthquake fault and Mount lwate. The velocity decrease was probably originated from the stress change due to the occurrence of the M6.1 earthquake and a volcanic pressure source beneath Mount lwate.
(2) Coherence analysis indicates a possibility of temporal changes of the heterogeneity beneath the Mount lwate volcano region where a magmatic fluid intrusion is inferred from an analysis of geodetic data. However, such changes were not observed in and near the focal area of the M6.1 earthquake.
